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BORDER ELIMINATING DEVICE, BORDER
ELIMINATING METHOD, AND AUTHORING
DEVICE

TECHNICAL FIELD

The present invention relates to an authoring device for
creating contents of electronic publications by inputting
publications as 1mages, and a border eliminating device and
border eliminating method for use 1n the authoring device.

BACKGROUND ART

Recently, advancements 1n hardware and software have
stimulated the release of electronic publications as a new
form of publication replacing existing paper media. Elec-
tronic publications are publications whose contents have
been turned 1nto electronic data, and are stored 1n a storage
medium or storage device. Electronic publications can also
incorporate so-called multimedia-type data, including, for
example, voice, still pictures, moving pictures, and anima-
tion. Currently, the contents, or data, of electronic publica-
fions are for the most part 1 a text-based format, and
therefore are made up primarily of text data using character
codes.

Currently, about 500,000 works are released each year as
paper publications using a paper medium, that 1s, in the
format of so-called “books.” The total number of published
paper publications 1s enormous. Of the works released as
paper publications, only an extremely small number of
works are released as electronic publications as well, and
most works are released only 1n form of a paper publication.

Conventionally, when creating electronic publications of
works already released as paper publications, data showing,
the text printed on each page of the paper publication was
created either manually or using OCR (optical character
recognition). Thus, creating the contents of an electronic
publication required a large amount of time, so the timely
release of large volumes of electronic publications to the
market was ditficult. Also, 1t 1s difficult to turn paper
publications like comic books and photo-journals 1nto data
contents, as a most of these paper publications 1s made up of
objects other than text, such as illustrations. In light of these
circumstances, conventionally the number of electronic pub-
lications published has been about several hundred titles,
which 1s less than the number of paper publications pub-
lished. Furthermore, conventionally published electronic
publications have tended to be reference materials. At the
moment, the circulation of electronic publications does not
even reach 1% of the circulation of paper publications. In
particular, the problem of the lack of diversity in contents
has become a significant obstacle 1n the circulation of
electronic publications.

To solve the above-mentioned problems, 1t seems to be
possible to put the contents of an electronic publication 1nto
an 1mage-based format. Image-based contents are made
from the data of 1mages of the contents of a work. To create
image data for the 1mage-based contents of existing paper
publications, it 1s sufficient to read 1n each page of the
existing paper publication with by a scanner. Thus, a large
number of electronic publications can be supplied to the
market 1n a short period of time. When the contents are put
into an 1mage-based format, 1t 1s possible to release those
fitles that were difficult to process as text-based contents,
such as comic books and photo-journals, to the market as
clectronic publications. When the contents are put into an
image-based format, text that includes characters that do not

10

15

20

25

30

35

40

45

50

55

60

65

2

match current character code systems, such as those using
foreign characters or variant Chinese characters, or old
manuscripts, for example, can be easily turned into elec-
tronic contents. When the contents are put into an 1mage-
based format, the overseas expansion and circulation of
viewers and authoring systems for electronic publications 1s
casy, because the electronic contents do not depend on
language or character code. Thus, 1mage-based contents
solve all the problems associated with text-based contents.

A variety of processes are performed when creating
image-based contents from paper publications, mcluding
reading 1n each page of a paper publication with a scanner
equipped with an ADF (auto document feeder), and pro-
cessing the 1mage data obtained by the scanner into a
manuscript structure. An outer border occurs at the edge of
the page 1n the 1mage obtained by reading 1n the page. The
outer border within the 1mage stands out, and gives an
unpleasant feeling to the reader. When the image 1s dis-
played in a viewer equipped with a CRT (cathode ray tube)
or a liquid crystal display device, the edge portion of the
CRT or the liquid crystal display device forms a reference
line when viewed, so the outer border within the 1image gives
further discomfort to the reader. Based on these reasons,
when creating the 1mage-based contents of a paper publica-
tion, corrections must be performed to eliminate the outer
border from the 1image of each page. Manually performing
the corrections for erasing outer borders requires a signifi-
cant amount of work, and thus i1ncreases the time required 1n
creating electronic contents.

Japanese Unexamined Patent Publication JP-A 5-199398
(1993) discloses an image processing device for erasing
outer borders when printing using a storage device for the
negative-positive reversal of microfilm with negative
images. The 1mage processing device scans portions of the
microfllm with negative 1images, and based on the image
signal obtained from the results of that scan, the border
between the negative 1mage and the portion around the
negative 1mage 1s detected, and the portion within the image
signal outside the detected border 1s converted to a prede-
termined value.

The 1mage processing device of JP-A 5-199398 presup-
poses that 1mages will be processed one at a time. To create
clectronic contents, the border of a large number of 1mages
must be erased, so if the process for erasing the border of
cach 1mage were to be performed individually, there would
be a large increase 1n the time required for erasing the
borders of all the images. Thus, a border eliminating process
using the 1mage processing device disclosed in JP-A
5-199398 1s not suited for border eliminating when creating
electronic contents.

The large number of data processed 1mages that make up
the electronic contents have a regular arrangement of char-
acters and 1llustrations. Thus, if the borders of a large
number of 1mages are erased idividually, then the part
within the 1mage that 1s to have its border erased shifts
depending on the image. Therefore, after individually eras-
ing the borders of a large number of 1mages that make up the
clectronic contents, it becomes unpleasant to look at the
images when these numerous 1mages are viewed 1n succes-
sion. For these reasons, when creating electronic contents
from paper publications 1t 1s difficult to individually erase
the borders of a large number of 1mages.

An object of the present invention 1s to provide a border
climinating device and method, wherein unnecessary outer
borders can be accurately removed from the images of a
plurality of pages of a paper publication, and an authoring
device which uses this border eliminating device.
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DISCLOSURE OF THE INVENTION

The mvention 1s a border eliminating device comprising,
common area extraction means for extracting from i1mages
of a plurality of pages of a publication an area common to
the 1mages, the common area being portions similar in
layout of the images; and

border removal means for removing borders outside the
common arca of the images,

wherein layouts with respect to at least either text or
drawings 1n the common area of the 1images are similar
to each other.

According to the invention, the border eliminating device
uses the common area, which 1s common in layout to all of
the 1mages to be processed, to remove outer borders 1n the
images. Thus, the border eliminating device can efficiently
remove unnecessary outer borders from a plurality of
Images.

The border eliminating device of the invention further
comprises justification means for justifying images so that
the common area in the 1mages 1s arranged at a predeter-
mined position within the 1mages,

wherein the common area extraction means and the
border removal means perform processes with respect
to all post-justification 1mages.

According to the invention, the border eliminating device
performs a border eliminating process, using the common
arca, on the 1mages which have been justified to one another.
Thus, the border eliminating device can remove outer bor-
ders without shifting, among the plurality of 1mages, the
position of the portion subjected to border elimination
within the images. Therefore, when there are regularities in
the layout of the text and the drawings 1n all 1mages to be
processed, the border eliminating device can prevent the
images that have been subjected to border elimination from
being unpleasant to look at when viewed one after the other.

The border eliminating device of the invention further
comprises justification means for justifying images so that
the common area 1n the 1mages 1s arranged at a predeter-
mined position within the images, wherein the common area
extraction means:

(a) for each page of a publication, determines from
justified 1mages a region m which there 1s overlap
between a post-justification 1image and a pre-justifica-
tion 1mage when they are superimposed on one another
such that a coordinate system origin is shifted for an
amount of displacement when they are aligned, and
coordinate axes of both images become parallel; and

(b) extracts as the common area an overlapping portion in
the region of the 1images, when all post-justification
images are overlapped with their coordinate systems
matching one another.

According to the invention, in the border eliminating
device, the common area extraction means extracts the
common area 1n accordance with the overlap of all the pre-
and post-justification images. Thus, complex image process-
ing to eliminate borders m all the 1mages 1s unnecessary, so
the border eliminating device can more rapidly remove the
outer border from the 1mages.

In the border eliminating device of the invention, the
common area extraction means:

(a) selects from all the images an 1mage to be a standard
for eliminating borders;

(b) extracts a common area from the selected image; and

(c) extracts from the remaining images a region that is at
the same position as the position of the common area of
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the selected 1mage and that 1s congruent with the
common area of the selected 1mage, as a common area
of the remaining 1images.

According to the invention, i the border eliminating
device, the common area extraction means extracts the
common arca of the remaining 1mages based on the position
and shape of the common area 1n the 1mage selected from all
the 1mages. Thus, only the common area of the single
selected 1mage 1s extracted by i1mage processing, so the
border eliminating device can quickly remove outer borders
from the 1images. Furthermore, 1f the common area of the
single selected 1mage 1s extracted by image processing, then
the border eliminating device can accurately remove outer
borders from the 1mages.

In the border eliminating device of the mvention, the
common area extraction means selects from all the 1mages
an 1mage having a largest number of edges as an 1mage
serving as a standard for border elimination.

In the border eliminating device according to the mven-
fion, the common area extraction means uses, of all images
that are to be processed, the image having a largest number
of edges therein, as the standard for border elimination. The
more level the saturation changes are 1n the image, the casier
it 1s to make a mistake when extracting the common area,
because the common area of an 1mage becomes difficult to
determine. The common area can be most reliably extracted
when the 1mage having the largest number of edges of all the
images 1s used as the standard for border elimination.

In the border eliminating device of the mvention, the
common area extraction means independently performs the
extraction of a common area of 1mages of all right-side
pages of a publication and the extraction of a common area
of 1mages of all left-side pages of the publication.

According to the border eliminating device of the inven-
tion, the common area extraction means divides all the
images to be processed mnto the 1mages of right-side pages
of a publication and the images of left-side pages of the
publication, and then separately extracts common areas for
those 1mages. Thus, when the configuration of the right and
left-side pages 1s different, borders can be more accurately
erased.

The border eliminating device of the invention further
comprises background color calculation means for deter-
mining a background color of the common areca of the
1mages,

wherein the border removal means replaces a color of a

portion outside the common area of the images with the
detected background color.

According to the border eliminating device of the inven-
fion, the border removal means replaces the color of the
portion outside the common area with the background color
of the common area. Thus, the border eliminating device can
naturally remove outer borders in accordance with the
background color of the common area.

In the border eliminating device of the mvention, the
background color calculation means:

(a) extracts a plurality of samples from a peripheral

portion 1nside the common area of the 1mages; and

(b) sets a color of a most frequent value among the

plurality of extracted samples as the background color.

According to the border eliminating device of the inven-
fion, the background color calculation means detects a
background color based on samples extracted from the
peripheral portion 1nside the border of the common area of
the 1mages. Thus, because the backeround color 1s detected
casily, the border eliminating device can more rapidly
remove outer borders from the 1images.
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In the border eliminating device of the invention, the
samples are pixel values of pixels 1n the peripheral portion
inside the common area of the images.

According to the border eliminating device of the mnven-
tion, the background color calculation means uses the pixel
values of pixels 1n the peripheral portion within the contour
of the common area of the 1images as the samples. Because
the samples are pixel values, the calculations for detecting
the background color are extremely simple, and thus the
border eliminating device can more rapidly remove outer
borders 1n the 1mages.

In the border eliminating device of the invention, the
samples are average values of the pixel values of all pixels
included 1n regions of a predetermined size provided in the
peripheral portion mside the common area of the 1mages.

According to the border eliminating device of the mven-
fion, the background color calculation means uses average
values of the pixel values of all pixels included 1n regions of
a predetermined size provided in the peripheral portion
inside the contour of the common area of the 1mages as the
sample. Because the samples are the average values of the
pixel values of all pixels 1n the regions, when the back-
oground of an 1mage has a periodic pattern, the outer borders
in the 1mage can be removed more naturally.

The 1nvention 1s a border eliminating method, compris-
ng:

a step of extracting from 1mages of a plurality of pages of

a publication an area common to the images, the
common arca being portions similar 1in layout of the
images; and

a step of removing borders outside the common area of

the 1mage from each 1image,

wherein layouts with respect to at least either text or

drawings 1n the common area of the 1images are similar
to each other.

According to the invention, in the border eliminating
method, the common area which 1s common to all images to
be processed 1s used to remove outer borders from the
images. Thus, when this border eliminating method 1s used,
unnecessary outer borders can be effectively removed from
a plurality of images. The border eliminating method of the
invention can further include the steps for performing the
processes explained above with regard to the border elimi-
nating device of the mvention.

The 1nvention 1s an authoring device, comprising:

image 1nput means for mputting images of pages of a
publication;

the border eliminating device as described above; and

image output means for outputting 1mages of pages pro-
cessed by the border eliminating device.

According to the invention, the authoring device uses one
of the above-described border eliminating devices of the
invention to remove outer borders 1n 1mages of all pages of
a publication. Thus, the authoring device, when creating the
image-based contents of an electronic publication based on
a publication that uses a paper medium, can efficiently and
rapidly remove the outer borders 1n the 1images of the pages.
Thus, numerous types of electronic publications based on
publications using a paper medium can be quickly supplied
to the market.

BRIEF DESCRIPTION OF THE DRAWINGS

Other and further objects, features, and advantages of the
invention will be more explicit from the following detailed
description taken with reference to the drawings wherein:
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FIG. 1 1s a functional block diagram of an authoring
device 1 including a border eliminating part 9 according to
an embodiment of the invention;

FIG. 2 1s a diagram showing the configuration of a paper
publication that uses a paper medium,;

FIGS. 3A and 3B are schematic drawings 1llustrating a
first process for extracting from i1mages of a plurality of
pages ol a publication an area common to the 1mages;

FIG. 4 1s a schematic drawing 1llustrating a method for
selecting a standard 1mage, 1in a second process for extract-
ing from 1mages of a plurality of pages of a publication an
arca common to the 1images;

FIG. 5§ 1s a diagram 1llustrating the sample points and
sample regions for obtaining samples 1n a process for
determining the background color of 1mages of pages of a
publication;

FIGS. 6A to 6C are schematic diagrams illustrating the
method for extracting page regions, which are the regions on
which the page 1tself 1s printed, from the 1images of pages, in
a process for justifying the images of pages of a publication;

FIGS. 7A to 7C are schematic diagrams illustrating the
method for extracting page content regions, which are the
regions including characters or the like, from the page region
of 1mages of pages, 1n a process for justifying the images of
pages of a publication;

FIG. 8 1s a flowchart 1illustrating a first common area
extraction process of the common area extraction part 15 1n
the border eliminating part 9 of FIG. 1;

FIG. 9 1s a flowchart 1llustrating a second common area
extraction process of the common area extraction part 15 in
the border eliminating part 9 of FIG. 1; and

FIG. 10 1s a flowchart 1llustrating the background color
calculation process of the background color calculation part
17 1n the border eliminating part 9 of FIG. 1.

BEST MODE FOR CARRYING OUT THE
INVENTION

The following 1s a description, with reference to the
accompanying drawings, of the preferred embodiments of a
border eliminating device, border eliminating method, and
authoring device according to the invention.

FIG. 1 1s a functional block diagram of an authoring
device 1 including a border eliminating device according to
an embodiment of the mvention. The authoring device 1
includes an 1mage input part 3, an 1mage processing part 4,
and an 1mage output part 5. The 1image processing part 4
includes an mput image buffer 7, an 1mage correction part 8,
and a border eliminating part 9, which 1s the border elimi-
nating device of the mvention. The border eliminating part
9 1includes a pre-justification 1mage buffer 11, a justification
part 12, a position information buifer 13, a post-justification
image buffer 14, a common area extraction part 15, a
common area information buffer 16, a background color
calculation part 17, a background color buffer 18, a non
common-areca replacement part 19, and an output image

bufter 20.

The authoring device 1 1s for creating the 1image-based
contents of electronic publications based on paper publica-
fions, that 1s, publications using a paper medium. Image-
based contents are made up of the data of 1images showing
the contents of the publication. Apart from 1mage data, the
image-based contents can include auxiliary data on text
formats using character codes, for example. Images are
made up of a plurality of pixels arranged 1n a matrix. Image
data include a pixel value for each of the plurality of pixels.
When the 1mage 1s monochrome, the pixel value of the
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pixels 1s a numerical value indicating the saturation of the
pixels. When the 1mage 1s colored, the pixel value of the
pixels 1s made up of a combination of numerical values, and
showing the brightness, color, and hue of the pixels. In this
specification, “color” 1s a concept that also includes white
and black. The authoring device 1 always handles 1images as
data, so 1n the present speciiication, “image” 1ncludes the
concept of “image data.”

An outline of the operations of the authoring device 1 1s
as follows. The image input part 3 reads out each of a
plurality of pages of a publication, and generates 1mages for
cach page. The generated 1mages of the pages are stored 1n
the mput image buffer 7. The 1mage correction part 8
performs an 1mage correction process on the 1mages stored
in the 1nput 1image bufier 7. The corrected 1mage for each
page, or 1n other words, the 1mages of the pages before being,
justified, are stored in the pre-justification image buifer 11.

The justification part 12 performs a process for aligning
the 1mages stored 1n the pre-justification image buifer 11 and
creates post-justification images. The position for the post-
justification 1mages with respect to the coordinate system
origin of the common area, which 1s explained later, 1s the
position stipulated by a predetermined template. The posi-
tion information indicating the results of the justification of
the 1mages 1s stored in the position mmformation buffer 13.
The post-justification 1mages of the pages are stored 1n the
post-justification 1mage buifer 14.

The common area extraction part 15, the background
color calculation part 17, and the non common-area replace-
ment part 19 are for performing a process to remove outer
borders from the images of the pages of the publication. In
the example 1n FIG. 1, the common area extraction part 135,
the background color calculation part 17, and the non
common-area replacement part 19 use the post-justification
images ol the pages as the images of the pages of the
publication to be processed.

The common area extraction part 15 extracts a common
arca, which 1s an area shared by the images of a plurality of
pages of the publication, from the 1images of the pages of the
publication, based on the plurality of post-justification
images stored 1 the post-justification 1image buifer 14. In
comparison of the layouts with respect to at least either text
or drawings 1n the common area of the 1mages with each
other, the layouts of the common area in the images are
similar to each other. For example, the arrangements of the
outer rectangles of at least either text or drawings in the
common areas resemble one another when comparing the
page 1mages with each other. The common area information
indicating the results of the extraction of the common area
of the 1mages 1s stored 1n the common area nformation
buffer 16.

Based on the post-justification 1images stored in the post-
justification 1image buifer 14, the background color calcula-
tion part 17 determines the background color of the common
arca of the 1images. The background color of the common
arca of the 1mages 1s stored in the background color buffer
18. The non common-area replacement part 19 corresponds
to a border removal part for removing the border outside the
common area of the image of each page of the publication.
The non common-area replacement part 19 replaces the
color of the portion outside the common area of the post-
justification i1mages stored in the post-justification i1mage
buffer 14 with the background color that has been detected.
The 1mages after this replacement process are stored in the
output 1image buifer 20.

The 1mage output part 5 outputs all the post-replacement
images ol pages stored 1n the output image buffer 20. The
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image-based contents of an electronic publication are made
up of the post-replacement 1images of all the pages of the
publication.

Thus, the border eliminating part 9 1n the authoring device
1 uses the common area common to all of the 1mages to be
processed so as to remove the outer border 1n the 1mages.
That 1s, the border eliminating part 9 can efficiently remove
unnecessary outer borders from a plurality of images. There-
fore, with the authoring device 1, numerous and various
types of electronic publications based on paper publications
can be supplied to the market 1n a short period of time.

The border eliminating part 9 uses the common areas to
perform a border eliminating process on 1mages that have
undergone justification among 1mages, that 1s, post-justifi-
cation 1mages. Thus, the border eliminating part 9 can
remove outer borders without a shift between a plurality of
images with respect to the location of the portion that 1s to
have 1ts border eliminated within the 1mage. Consequently,
when there 1s regularity 1n the layout of the text and the
drawings 1n all the 1mages being processed, the border
climinating part 9 can prevent the 1images from becoming
difficult to look at when all the images are viewed in
succession after the borders have been eliminated.

FIG. 2 1s a schematic diagram showing the configuration
of a paper publication 30 that 1s to be processed by the
authoring device 1. In the example 1n FIG. 2, the paper
publication 30 1s a novel, and 1s shown with the pages of the
paper publication 30 separated at each page. Two pages 1n
the paper publication 30 are printed one page each on the
front and back of a single sheet of paper, but 1n FIG. 2 these
two pages are shown separately. The paper publication 30
includes a cover page 32, a table of contents 33, body pages
34, an index page 35, and a back cover 36. The cover page
32 1s provided at the beginning of all pages of the paper
publication 30, and shows the ftitle of the paper publication
30. The table of contents 33 lists the contents of the paper
publication 30. The body pages 34 show the body of the text
of the paper publication 30. The index page 35 lists the index
of the paper publication 30. The back cover 36 1s provided
after all other pages of the paper publication 30. The body
pages 34 are divided into odd numbered pages 37 arranged
at odd number pages counting from the cover page 32 at the
beginning of the paper publication 30, and even numbered
pages 38 arranged at even number pages counting from the
cover page 32 of the paper publication 30.

Most pages of the paper publication 30 are body pages 34.
The plurality of body pages 34 cach has a text region 40. The
positions of the text regions 40 1n each of the numerous body
pages 34 are substantially equivalent to one another. Each
text region 40 of the body pages can be divided 1nto a header
region 41, a footer region 42, and a body content region 43.
In the case of a novel, the page number 1s written 1n the
header region 41, the chapter number of the body content 1s
written 1n the footer region 42, and a portion of the body
content, that 1s, the text, 1s shown 1 the body content region
43.

Each page 1n the publication basically has the same
configuration. “Configuration of the pages of the publica-
fion” means the layout of at least either text or drawings
included 1n the pages, that 1s, the alignment of the text and
the drawings 1n the pages with respect to the outside
rectangular page contours. For example, the layout of the
text and the drawings making up the text in the body content
regions 43 of the plurality of body pages 34 1s essentially
identical. The layout of the text and the drawings in the
header regions 41 and footer regions 42 of the plurality of
odd numbered pages 37 1s substantially the same, and the
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layout of the text and the drawings 1n the header regions 41
and footer regions 42 of the plurality of even numbered
pages 38 1s substantially the same. The border eliminating,
part 9 of this embodiment uses these characteristics of the
coniliguration of paper publications to erase the outer border
that occurs within the image of each page.

In the subsequent explanations, the region in the 1image of
a page on which the body content region 43 1s printed 1s used
as the common area within the page images. When the
configuration of the header region 41 of the images of the
odd numbered pages 37 resembles the configuration of the
header region 41 of the even numbered pages 38, the
common areca can include the header region 41 1n addition to
the body content region 43. When the configuration of the
footer region 42 of the 1mages of the odd numbered pages 37
resembles the configuration of the footer region 42 of the
even numbered pages 38, the common area can 1nclude the
footer region 42 1n addition to the text region 43.

Once again referring to FIG. 1, a detailed explanation will
be given of the configuration of the processing parts of the
authoring device 1.

The 1mage mnput part 3 can be a scanner device controlled
with scanner control software, for example. The scanner
device includes a placement plate and a photographic por-
tion. The original text that 1s to become the 1mage to be input
into the authoring device 1, for example the pages of a paper
publication, 1s placed on the placement plate. The photo-
graphic portion captures the image of the page placed on the
placement plate. To capture an i1mage, for example, the
photographic portion more specifically scans a predeter-
mined mput region of the placement plate and the surface of
an object placed within the input region, and from the results
of the scan, data for the 1image appearing inside the input
region 1s created. It 1s also possible that the photographic
portion photographs the input region instead of scanning it.
The captured 1mage can be a monochrome 1mage or a color
image. The captured 1mage can be a two-value 1image with
two levels of pixel values, or a multi-value image with three
or more levels of pixel values. It 1s also possible to omit the
placement plate.

When capturing 1mages of the pages of a paper publica-
tion 1n the 1mage input part 3, every page ol the paper
publication 1s separated page by page and then placed on the
placement plate one at a time, so that an 1image of each of the
pages 1s captured. An automatic document feeder can be
used to automatically supply all of the separated pages onto
the placement plate. When the pages of a paper publication
cannot be removed at each page, it 1s also possible to place
the enfire publication onto the placement plate without
cutting out the pages, so as to scan each page into the
photographic portion one at a time. When an automatic
document feeder 1s used, 1t 1s conceivable that the centerline
of the placed page 1s tilted, when viewed from the centerline
of the mput region. In this case it 1s preferable that the size
of the input region 1s larger than the pages of the publication
so that the entire page 1s accurately scanned.

When the pages of the publication are larger than the 1input
region of the scanner device, the 1mage input part 3 divides
one page 1nto a plurality of portions, captures an 1image of
cach of these portions, and obtains an 1mage of the entire
page by synthesizing the 1images of all portions. Synthesiz-
ing all 1mages of the portions can be done for example
within the mmput image buffer 7, performed by an i1mage
synthesis portion provided 1n the 1mage input part 3 or the
image processing part 4, or performed by an image synthesis
part furnished in the scanner device as either hardware or
software. It should be noted that 1n place of a scanner device,
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the 1mage 1nput part 3 can also be realized by a device which
reads the 1mages of pages of a publication already existing
as data files and stores them 1n the input 1mage buffer 7. This
device for reading images can be realized by a device for
reading out data from a storage medium, for example.

As explained above, when the input region of the scanner
device 1s larger than the pages of a publication, or portions
of a divided page, the 1mage of the page that 1s obtained by
the scanner device 1s larger than the page region, that 1s, the
region on which the pages of the publication are printed
within the image of the page. These page images are divided
into a page region and a blank region, that 1s, the remaining
region excluding the page region. The following explains an
example 1n which the image of the page 1s larger than the
page region. When the 1mage of the page 1s larger than the
page region, the edge of the page 1s captured 1n the 1mage of
the page as the outer border. The border eliminating part 9
of the present embodiment erases the outer border corre-
sponding to the edge of the page from the 1mage of the page.

The 1mage correction part 8 carries out various correc-
tions with respect to a plurality of 1images 1n the mput image
buffer 7. One of these corrections 1s a process for correcting
bends and tilting occurring, for example, 1in the 1image when
the 1mage 1nput part 3 captures the 1images. Another correc-
tion process 1s for removing the printing of the reverse side
of the page from the 1mages. Publicly known technologies
are used for the correction processes of the 1mage correction
part 8.

The justification part 12 uses the relationship between the
positions of the common area of the plurality of 1mages 1n
the pre-justification 1image buifer 11 to justify the common
arca, and based on the results of this justification, transforms
the coordinates of the images. The justification part 12
creates post-justification 1images based on the 1mages after
the coordinate transformation, and stores them 1n the post-
justification 1mage buffer 14. The post-justification 1mages
arec made by erasing pixels whose transformed coordinates
are outside the region specified by the transformed coordi-
nates, for example, 1n which only pixels 1n the first quadrant
of the coordinate system are left behind, from all the pixels
of an 1mage after the coordinate transformation, and by
adding pixels to defective area slacking pixels within this
region. The added pixels can be white pixels, or can be
pixels of the same color as the background color determined
by the background color calculation part 17, which 1s
explained later. The result of this justification is that the
position of the post-justification 1mage with respect to the
coordinate axes of the portion that includes the common area
of the page 1s substantially equivalent among post-justifica-
fion 1mages.

The justification part 12 stores the position information of
the 1mages of pages 1n the position mmformation buffer 13.
The position information of the image of any page is the
amount of displacement from the position of the common
arca of that image before and after justification. The amount
of displacement 1s the vector made by combining the shift in
a direction parallel to one axis of the coordinate system, and
the shift 1n a direction parallel to the other axis of the
coordinate system. As long the position information of the
image ol any page 1s information indicating the positional
relationship between the 1mage of that page before justifi-
cation and the 1mage of that page after justification, it 1s not
limited to the amount of displacement, and can also include
other information. For example, if the image before justifi-
cation and the 1mage after justification are superimposed on
one another shifting the coordinate system origin for the
amount of displacement, then the position information can
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also be the information indicating the overlapping portion.
Information indicating this overlapping portion can include
the vertices of that portion or a plurality of coordinates on
the contour of that portion, for example, and the coordinates
can be coordinates of the coordinate system of the image
before justification, or coordinates of the 1image after justi-
fication.

The common area extraction part 15 extracts the common
arca from a plurality of post-justification 1images of pages.
The 1images from which the common area 1s extracted are
after justification i1mages, so that the positions of their
common areas with respect to the coordinate system origin
of the 1mages of the pages are equivalent to one another, and
the common areas within the 1mages of the pages are
congruent. There are two methods for the extraction of
common areas, either of which may be used.

A first common area extraction process 1s outlined below.
First, as shown 1n FIG. 3A, at each page of the publication,
a region of overlap 53 (hereinafter, called the “overlapping
region”) between the images 51 and 52 is extracted from the
post-justification 1mage 52, when the pre-justification 1mage
51 and the post-justification 1mage 52 are shifted from the
origin of the system of coordinates for the amount of
displacement detected by the justification part 12, and
placed on one another such that their coordinate axes
become parallel. Next, as shown 1n FIG. 3B, the overlapping
portions in the overlapping region 33 of the post-justification
images 52 when all post-justification 1images 52 are over-
lapped with one another such that their coordinate system
origin and coordinate axes are matching, 1s extracted as a
common arca 54. In the example of FIG. 3, there are three
pages of a publication, so reference numerals “a” to “c”
relating to the first through third pages have been added. It
should be noted that in FIG. 3B, oblique lines mark the
common area 54.

A second common area extraction process 1s outlined as
follows. First, a single 1mage serving as the standard for
border elimination 1s selected from among all images. The
selected 1image preferably has the largest number of 1mage
cdges among all the 1mages. Next, a common arca 1S
extracted from the selected image. Finally, from the remain-
Ing 1mages, regions that are congruent with the common area
of the selected 1mage and are in a position equivalent to the
position of the common area within the selected 1mage are
extracted as the common areas of the remaining 1mages.

As shown 1n FIG. 4, to select the image having the largest
number of 1image edges from among all the 1mages, first the
sum of the first derivatives of the saturation value of all
pixels making up the 1image 1s determined for each image,
then the 1mage with the largest sum of first derivatives
should be chosen as the standard 1image for border elimina-
tion. The reason why the standard image for eliminating
borders 1s the 1mage having the largest number of edges 1s
because of the following. When a common area 1s extracted
by 1mage processing, the less edge an image has, the more
likely mistakes are going to occur 1n extracting the common
arca within the 1mage. When the 1mage having the largest
number of edges 1s taken as the standard i1mage, the
extracted common area 1s of the highest precision, so the
common area ol all images can be reliably extracted.

The background color calculation part 17 specifically
extracts a plurality of samples from the peripheral portion
inside the contour of the common area of the images, and
stores the color of the most frequent value among the
plurality of the extracted samples 1n the background color
buffer 18 as the background color. Using samples to detect
the background color in this manner, the background color
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can be easily detected, so the border eliminating part 9 can
more rapidly erase the outer border within the images.

The samples are preferably the pixel values of single
pixels 1 the peripheral portion within the common arca 54
of the images. Thus, it becomes easy to make calculations
for detecting the background color, so the border eliminating
part 9 can more rapidly remove the outer border within the
images. Alternatively, as shown 1n FIG. §, the samples are
preferably the average values of the pixel values of all pixels
included within regions 56 (hereinafter, called “sample
regions”) of a predetermined size and provided at a periph-
eral portion within the common area 54 of the images.
Consequently, the border eliminating part 9 can more natu-
rally remove the outer border within an 1mage when the
background of the image has a periodic pattern.

The non common-area replacement part 19 more specifi-
cally reads out the post-justification 1mages stored in the
post-justification 1mage bufler 14, and replaces the pixel
value of all the pixels constituting the portion outside the
common arca of the 1mages with the value corresponding to
the background color stored 1n the background color buifer
18. Consequently, the outer border of the 1images 1s removed.
In this way, the non common-area replacement part 19
replaces the color of the portion outside the common area
with the background color of the common area. Thus, the
border eliminating part 9 can make the portion outside the
common arca after the outer border has been removed
appear natural 1n accordance with the background color of
the common area. The 1mages after this replacement are
stored 1n the output image buffer 20.

The 1mage output part 5§ can be realized by a device for
writing data to a storage medium, for example. The 1mage
output part 5 writes the post-replacement images of all pages
stored 1n the output image buifer 20 onto a storage medium,
thereby completing the contents of an electronic publication.
It 1s also possible that, instead of a storage medium, the
image output part 5 writes all post-replacement 1mages of
the pages onto a memory device or an external storage
device. The 1mage input part 5 can also be a display device
that visually displays the post-replacement images of all the
pages 1 order or side by side.

The following 1s an example of the justification process of
the justification part 12. The justification process includes
extracting the page region from the 1mage of a page,
extracting the page content region from the extracted page
region, justifying the page content region, and transforming
the coordinates of the 1image of the page. The page content
region 1s where text or drawings, or both, are actually printed
within the page region. This means that the page content
region 1s the area in the page 1mage where the body region
of the page 1s printed. When the 1mage correction part 8 has
not performed a correction of the tilting of the justified
images, any tilting of the page content region 1s corrected
before the post-justification 1mage 1s created. It should be
noted that the following example of the justification process
1s a case 1 which the 1mage justification part 8 has not
corrected the tilting of the 1mage.

The process for extracting the page region will be
explained 1n detail with reference to FIG. 6. FIGS. 6 A to 6C
are pre-justification images from which the page region 1s to
be extracted.

First, four line segments in the 1image at positions closest
to the four edges of the 1image, for example the line segments
that are in contact with the four edges of the outer border
within the image, are detected 1 order. FIG. 6 A shows how
the line segment on the left-most side of the page region are
detected. To detect the line segments on the left-most side of
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the page region, first the edge points closest to the left edge
of the image are detected at each of a plurality of lines within
the 1mage that 1s being processed. One line of an 1mage 1s
made up of a plurality of pixels lined up horizontally. To
detect an edge point 1n a line, first the first derivative of the
pixel values of all the pixels i1s taken in the direction
perpendicular to the line segment that 1s to be detected. In
the example of FIG. 6 A, this 1s the horizontal first derivative.
A Sobel filter, for example, can be used for calculating the
first derivative. Next, sequentially from the pixels at the left
end to the pixels at the right end making up each line, the
pixel are assessed one by one, based on the first derivative
of the pixel values, whether they are an edge point or not.
When 1t 1s determined that the pixel being assessed 1s not an
edge point, the pixel next to it 1s then assessed. When 1t 1s
determined that the pixel 1s an edge point, then its coordi-
nates are stored and scanning of that line ends. If this line
scanning 1s performed on all lines of the 1image, then the
coordinates of the edge point furthest to the left in all the
lines can be obtained. The obtained edge points should all lie
on one line segment, so that line segment 1s then determined
as the line segment on the left-most side of the page region.
To calculate the line segment, it 1s possible to use a Hough
transformation, for example.

Then, using the same procedure as that for detecting the
line segment on the left-most side of the page region, the line
segments at the top-most, right-most, and bottom-most sides
of the page region are detected one by one. FIG. 6B shows
how the line segment at the top-most side of the page region
1s detected. After the four line segments have been detected,
the rectangular region surrounded by the four detected line
segments 1s extracted as the page region from the image
being processed, as shown in FIG. 6C.

The process for extracting the page content region will be
described 1n detail with reference to FIG. 7. FIGS. 7TAto 7C
are diagrams magnilying one portion of a pre-justification
image from which the page content region 1s to be extracted.

First, the outer tangents of characters at positions closest
to the four sides of the page region are detected. FIGS. 7A
and 7B 1llustrate how the outer tangent of the characters at
the left-most side of the page region 1s detected. To detect
the outer tangent at the left-most side, first, as shown 1n FIG.
7A, the edge point closest to the left edge of the page region
1s detected at each of a plurality of lines within the page
region. To extract the edge point at the left-most side 1n a
line, lines within the page region without taking their first
derivative are scanned in the same way as when the page
region was detected. Next, as shown 1n FIG. 7B, the line
segment that passes through two points of the edge points
detected from all the lines and that 1s closer to the left edge
of the page region than the edge points detected from all the
lines 1s determined as the outer tangent of the left-most side.

Using the same procedure as that for detecting the outer
tangent on the left-most side, the top-most, right-most and
bottom-most outer tangents are detected one by one. After
the four outer tangents have been detected, the rectangular
region surrounded by the four detected outer tangents 1is
extracted as the page content region from the 1image being
processed, as shown 1n FIG. 7C.

After the page content region has been extracted, if the
four sides of the page content region are tilted with respect
to the coordinate axes of the pre-justification 1mage, then the
pre-justification 1mage 1s subjected to a rotation transforma-
fion to correct the tilt 1n the page content region. The
template defines the location of the page content region in
the page 1mage. The template can be set beforehand, or can
be set 1n accordance with the results of the extraction of the
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page content region of the pre-justification 1mages of all the
pages of the publication. In the latter case, the position of the
page content region in one image of all the pre-justification
images can be used as the template, but it 1s also possible to
determine the average or most frequent position, for
example, of the page content region of all the pre-justifica-
fion 1mages, and to use that determined position as the
template.

After the page content region has been extracted, the
justification part 12 compares the position of the page
content region 1n each 1mage of the pages to be processed
with the position of the page content region defined by the
template, and takes the shift between the two positions as the
position information serving as the justification results. After
the pre-justification 1mages are justified with the template,
the coordinates of the image of each page are transformed
based on the justification results, so that the position of the
page content region with respect to the coordinate axes of
the 1mage of each page aligns with the position of the page
content region with respect to the coordinate axes defined by
the template. The result 1s that the position of the page
content region with respect to the coordinate axes 1s shifted
parallel. After this coordinate transformation, the justifica-
tion part 12 produces post-justification images based on the
images after coordinate transformation, and saves them in
the post-justification 1mage buifer 14. The end result of the
justification process described above is that the portion 1n
the post-justification 1mages on which the page common
area 1S printed becomes substantially equivalent among the
post-justification 1mages.

FIG. 8 1s a flowchart illustrating the first common area
extraction process of the common area extraction part 135.
After at least one 1mage of a page of a publication 1s stored
in the post-justification image buifer 14, Step A0 proceeds to
Step Al. In Step Al, the common area extraction part 15
retrieves one post-justification 1mage of a page from the
post-justification 1mage bufler 14. In Step A2, the common
arca extraction part 15 measures the size of the retrieved
image. In Step A3, the common area extraction part 15
retrieves the position mformation of the retrieved image
from the position information buffer 13.

In Step A4, based on the retrieved position information
and the measured size of the 1mage, the common area
extraction part 15 calculates the coordinates that define the
arcas of overlap between the post-justification image of a
page and the pre-justification 1mage of that page. The
overlapping arca 1s the portion of overlap between the
post-justification image and the pre-justification image when
the pre-justification 1mage and the post-justification image
have been superimposed on one another so that the coordi-
nate system origin 1s shifted for the amount of displacement
of the position mnformation and the coordinate axes become
parallel. In Step AS, the common area extraction part 15
stores the calculated coordinates as information that defines
the region of overlap 1n the post-justification 1mages that
have been retrieved. The information defining the region of
overlap can be stored in the common area information
buffer, for example, or stored 1n another buffer. If the
position 1nformation represents the overlapping region
within the retrieved 1mage, then the position information can
be used as 1s.

In Step A6, the common area extraction part 15 deter-
mines whether the overlapping regions of the post-justifi-
cation 1mages of all of the pages of a publication have been
calculated. If there are still post-justification 1mages in
which the overlapping region has yet to be calculated, then
the procedure returns from Step A6 to Step Al, and Steps Al
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to A5 are performed using the post-justification 1mages 1n
which the overlapping region has yet to be calculated. If the
overlapping region of all the post-justification i1mages of
pages has been calculated, the procedure advances from Step
Ab to Step A7.

In Step A7, based on the information of the stored
overlapping region, the common area extraction part 15
calculates the coordinates which define the arca of overlap
between the overlapping regions of all the 1mages when the
post-justification 1mages of all the pages of a publication
have been superimposed on one another so that the coordi-
nate system origin and the coordinate axes match one
another. In Step A8, the common area extraction part 15
stores the coordinates defining the portion of overlap
between the overlapping regions into the common area
information butfer 16 as the information which defines the
common area 1n the post-justification 1mages of all of the
pages. Alter the common area information has been stored,
the flowchart ends at Step A9. As described above, the
common area extraction part 15 extracts the common arca
based on the state of overlap between all of 1mages before
and after justification. Thus, as there 1s no need to perform
complex image processing 1n order to erase the borders 1n all
the 1mages, the border eliminating part 9 can more rapidly
remove the outer border 1n the 1mages.

In the example of FIG. 8, the common area extraction part
15 reads out a post-justification 1mage from the post-justi-
fication 1mage bufler 14 to measure the size of a post-
justification 1mage. It 1s also possible to measure the size of
a post-justification 1mage when it 1s being justified by the
justification part 12 and store this size in the position
information buffer 13. In this case, the common area extrac-
tion part 15 omits the reading out of the post-justification
images and measuring of their size, and when reading out
position information, 1t reads out the size of post-justifica-
fion 1mages from the position information buffer 13. Thus,
the process of extracting the common area becomes even
simpler.

FIG. 9 1s a flowchart illustrating a second common area
extraction process of the common area extraction part 15.
When the second common area extraction process 1s used, a
storage region for storing the sum of the first dertvatives of
the pixel values of all of the pixels of an 1mage, 1s provided
in the common area information buffer 16 for example. After
an 1mage of at least one page of a publication has been stored
in the post-justification i1mage buifer 14, the procedure
advances from Step B0 to Step Bl.

In Step B1, the common area extraction part 135 retrieves
the post-justification 1mage of a page from the post-justifi-
cation 1mage buffer 14. In Step B2, the common area
extraction part 15 calculates the first derivative of the pixel
values of all the pixels of the retrieved 1mage. For calculat-
ing the first derivative, a Sobel filter, for example, can be
used. In Step B3, the common area extraction part 15
determines the sum of the first derivatives of the pixel values
of all the pixels of the retrieved image.

In Step B4, the common area extraction part 15 compares
the sum of the first derivative of the pixel values of all the
pixels of the retrieved 1image with the sum of first derivatives
stored 1n the storage region. If Steps B1 to B6 are being
performed for the first time, then the procedure advances to
Step B35, regardless of the results of Step B4, and the sum of
the first derivative of the pixel values of all the pixels of the
retrieved 1mage 1s stored in the storage region for storing the
sum of the first derivatives. From the second time on that
Steps Bl to B6 are performed, if the sum of the first
derivatives of the retrieved 1image 1s greater than the sum of
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the first derivatives in the storage region, that 1s, only if the
sum of the first dertvatives of the retrieved 1mage 1s the
largest up to that point, then Step B4 proceeds to Step BS,
and the sum of the first derivatives of the pixel values of all
the pixels of the retrieved image 1s stored in the storage
region for storing that sum. If the sum of the first derivatives
of the retrieved image 1s less than the sum of the first
derivatives stored 1n the storage region, then the sum 1s not
stored, and the procedure advances from Step B4 to Step B6.

In Step B6, the common area extraction part 15 deter-
mines whether the sum of the first derivatives of the post-
justification 1mages of all the pages of the publication has
been calculated. When there are still post-justification
images for which the sum of the first derivatives has not yet
been calculated, the procedure returns from Step B6 to Step
B1, and Steps B1 to BS are executed for the post-justifica-
fion 1mages for which the sum of the first dertvatives has not
yet been calculated. If the sum of the first dertvatives of the
post-justification 1mages of all of the pages has been calcu-
lated, then the procedure advances from Step B6 to Step B7.

In Step B7, the common area extraction part 15 selects
one of the post-justification 1images, whose first derivative
sum has been stored 1n the storage region for storing that
sum, as the standard image for border elimination, and
extracts the common arca within the selected image by
image processing. The 1image processing for extracting the
common area within the selected 1mage 1s equivalent to the
process 1n the justification process of the justification part 12
for extracting the page content region from the 1mage of a
page. That 1s, first, the page region 1s extracted from the
selected 1mage, the rectangular region surrounded by the
outer tangents of the outermost characters within the
extracted page region 1s extracted, and the extracted rectan-
gular region 1s used as the common area.

In Step B8, the common area extraction part 15 stores the
information defining the shape and position of the extracted
common area 1n the common area information buffer 16 as
the mnformation which defines the common area within the
post-justification 1mages of all of the pages. After the
common area 1information has been stored, the procedure of
this flowchart ends at Step B9. The result 1s that 1f the 1images
of the pages and the standard image for border elimination
are superimposed on one another such that between the page
images and the standard image for border elimination the
coordinate system origin matches and the coordinate axes
become parallel, then the region of overlap between the
common area of the standard 1image and the images of the
pages becomes the common area within the post-justifica-
fion 1mages of the pages.

As explained above, the common area extraction part 15
uses the common area i1n the 1mage selected from all the
images to extract the common area of the remaining images.
In this second common area extraction process, it 1s suili-
cient to extract only the common area of a single selected
image by 1image processing, and 1mage processing does not
have to be performed to extract the common area of the
remaining 1mages, so the border eliminating part 9 can
quickly erase the outer borders within the images. Further-
more, when the common area of the single selected image 1s
extracted by 1image processing, the border eliminating part 9
can accurately eliminate the outer borders within the images.

In the second common area extraction process of FIG. 9,
a Sobel filter 1s used for calculating the first derivative of the
pixel value of the pixels. The method for calculating the first
derivative 1s however not limited to calculation methods
using a Sobel filter, and 1t 1s also possible to use other
methods for calculating first derivatives. In the second
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common area extraction process of FIG. 9, 1t 1s also possible
to use other numerical values 1n place of the sum of the first
derivatives, as long as they are indicators for comparing the
relationship between large and small edge amounts within
the 1mages.

FIG. 10 1s a flowchart illustrating the process of the
background color calculation part 17 for calculating the
background color of an 1image. In the example of FIG. 10,
the common area information 1s made up of the coordinates
(L, U) and (R,D) of those two vertexes serving as the two
ends of a single diagonal line, from among the four vertexes
of the rectangle making up the common area. It should be
noted that in FIG. §, the coordinate axis parallel to a
horizontal direction on the paper plane 1s the X coordinate
axis, and the coordinate axis parallel to a vertical direction
on the paper plane 1s the y coordinate axis. In the example
of FIG. 10, m samples are taken near the two sides of the
common arca 54 that are parallel to the x coordinate axis,
and n samples are taken near the two sides of the common
arca 54 that are parallel to they coordinate axis. It should be
noted that 1in the example of FIG. 10, a single sample 1s the
pixel value of a single pixel, and the pixels taken as samples
are referred to as “sample points.”

After the common area information i1s stored i the
common area Information buifer 16, the procedure advances
from Step CO0 to Step C1. In Step C1, the background color
calculation part 17 retrieves the post-justification image 52
of the desired page from the post-justification 1image buifer
14. In Step C1, the background color calculation part 17
reads out the common area information, that 1s, the two
vertex coordinates (L,U) and (R,D) on the diagonal of the
common arca 54, from the common area information buffer
16. In Step C3, the background color calculation part 17
calculates the horizontal spacing shown 1n equation 1 based
on the common area information of (L,U) and (R, D). The
horizontal spacing 1s the spacing between two adjacent
sample points lined up parallel to the x coordinate axis. In
Step C4, the background color calculation part 17 calculates
the vertical spacing t shown 1n equation 2 based on the
common area information of (L,U) and (R,D). The vertical
spacing t 1s the spacing between two adjacent sample points
lined up parallel to the y coordinate axis.

Equations 1

(1)

(2)

In Step C35, the background color calculation part 17
calculates the four endpoint coordinates (x0, y0), (xm, y0),
(x0, yn), and (xm, yn) of all sample points based on the
common area information of (L, U) (R, D), the horizontal
spacing s, and the vertical spacing t. Equations 3 to 6 define
x0, xm, y0, and yn. In Step C6, the background color
calculation part 17 obtains, as samples, the pixel values of
the four corners from the 1image that was read out 1n Step C1.

(3)

x0=L+s
(4)

xin=RK-s

y0=U+s (5)

yn=D-s (6)
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In Steps C7 to C11, the background color calculation part
17 calculates, as samples, the pixel values of the remaining,
sample points (x, y0) between the upper left corner (x0,y0)
and the upper right corner (xm, y0), and the pixel values of
the remaining points (x,ym) between the bottom left corner
(x0,yn) and the bottom right corner (xm, yn), from the image
that was read out 1n Step C1. The x coordinate “x” of the
remaining sample points 1s the value at mtervals of hori-
zontal spacing s within the range shown 1n equation 7.

(7)

More specifically, in Step C7, the sum L+s of the x
coordinate L of the upper left vertex (L,U) of the common
arca and the horizontal spacings, 1s substituted as the initial
value for the x coordinate x of the remaining sample points.
In Step C8, the pixel value of a remaining upper sample
point (x,y0), as defined by the x coordinate x of the current
point, 1s obtained as a sample. In Step C9, the pixel value of
a remaining lower sample point (X, yn), as defined by the x
coordinate x of the current point, 1s obtained as a sample. In
Step C10, the horizontal spacing s 1s added to the x coor-
dinate x of the current point to update the x coordinate x. In
Step C11, it 1s determined whether the updated x coordinate
X 15 less than the x coordinate R of the bottom right corner
(R,D) of the common area. If the updated x coordinate x is
less than the x coordinate R of the right edge of the common
arca, then the procedure returns from Step C11 to Step C8.
If the updated x coordinate x 1s equal to or greater than the
x coordinate R of the right edge of the common area, then
the procedure advances from Step C11 to Step C12.

In Steps C12 to C16, the background color calculation
part 17 calculates, as samples, the pixel values of the
remaining sample points (x0, y) between the upper left
corner (x0,y0) and the bottom left corner (x0, yn), and the
pixel values of the remaining points (xm,y) between the
upper right corner (xm,y0) and the bottom right corner
(xm,yn). The y coordinate “y” of the remaining points is the
value at intervals of vertical spacing t within the range

shown 1n equation .

x0+s=x=xm-s

yo+t=ySyn—t

(8)

More specifically, in Step C12, the sum U+t of the vy
coordinate U of the upper left vertex (L,U) of the common
arca and the vertical spacing t 1s substituted as the initial
value for the y coordinate y of the remaining sample points.
In Step C13, the pixel value of a remaining left-side sample
point (x0,y), as defined by they coordinate y of the current
point, 1s obtained as a sample. In Step C14, the pixel value
of a remaining right-side sample point (xm, y), as defined by
the y coordinate y of the current point, 1s obtained as a
sample. In Step C135, the vertical spacing t 1s added to the y
coordinate y of the current point to update the y coordinate
y. In Step C16, 1t 1s determined whether the updated y
coordinate y 1s less than they coordinate D of the bottom
right vertex (R,D) of the common area. If the updated y
coordinate y 1s less than they coordinate D of the bottom
edge of the common area, then the procedure returns from
Step C16 to Step C13. If the updated y coordinate y 1s equal
to or greater than the y coordinate D of the right edge of the

common area, then the procedure advances from Step C16
to Step C17.

In Step C17, the background color calculation part 17
calculates the most frequent value from all the samples
obtained 1n Steps C6, C8, C9, C13, and C14. The calculated
most frequent value of the samples 1s stored in the back-
oround color buffer 18 as information which indicates the
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background color of the image. After the most frequent
value has been calculated, the procedure of the flowchart
ends 1n Step C18.

In the example of FIG. 10 there 1s a fixed number of
sample points, and the spacing between the sample points 1s
calculated based on the number of sample points and the size
of the common area such that the sample points are arranged
at equal spacing. The sample points are not limited to an
arrangement with equal spacing based on the number of
sample points and the size of the common area, and different
arrangements are possible. For example, it 1s possible that
the vertical spacing s and the horizontal spacing t are always
specific values, regardless of the number of sample points.
The spacing of the sample points 1s not limited to an equal
spacing or fixed spacing, and can be different for each
sample point. In the example of FIG. 10, a sample is the
pixel value of a single pixel. When the average value of the
pixel values of all the pixels within the sample region 1s to
be taken as the sample, the backeground color calculation part
17 sets, 1n Steps C6, C8,C9, C13, and C14, a sample region
of a predetermined size including the sample points, obtains
the pixel values of all the pixels within the sample region
from the 1mage that 1s read out in Step C1, calculates the
average value of the obtained pixel values of all the pixels,
and then the average value as taken as the sample.

In the explanations of FIGS. 1 to 10, the common area
extraction part 15 processes the images of all the pages of a
paper publication. It 1s, however, also possible that the
common area extraction part 15 independently performs the
extraction of the common area of the images of all right-side
pages and the extraction of the common area of the 1images
of all left-side pages of the 1images of the paper publication.
It 1s also possible that the 1mage mnput part 3 independently
captures the images of all right-side pages and the 1mages of
all left-side pages of the paper publication. It 1s also possible
that the justification part 12 independently justifies the
images of all right-side pages and the 1mages of all left-side
pages of a paper publication. This could be done for the
following reasons.

In paper publications, the right-side pages that open to the
right when the publication 1s opened, and the left-side pages
that open to the left, have a slightly different configuration
of text and drawings, for example. Moreover, 1n paper
publications, the left-side pages and the right-side pages are
printed on the front and back of a single piece of paper. Thus,
by processing the left-side pages and the right-side pages
separately from one another, it 1s possible to take advantage
of the above-mentioned characteristics of paper publica-
fions.

When the image input part 3 captures the 1images of all of
the pages of a paper publication 1n page order from the front
of the publication or in reverse page order from the back of
the publication, an automatic document feeder that handles
both sides becomes necessary because a left-side page and
a right-side page are printed on the front and back of a single
sheet of paper. If the 1mage mput part 3 mdividually pro-
cesses the left-side pages and the right-side pages, then, 1f 1t
1s to capture only the left-side pages or the right-side pages
in page order from the front of the publication or 1n reverse
page order from the back of the publication, an automatic
document feeder that does not handle both sides can be used.
Consequently, the 1mage mput part 3 can be provided with
an automatic document feeder of a simpler configuration,
and thus the configuration of the image mnput part 3 can be
simplified. It should be noted that the order for taking 1n the
left-side pages and the order for taking in the right-side
pages can be the same, or can be different.
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The common area extraction part 15 preferably extracts
the common area of the image of a left-side page and the
image of a right-side page separately. The process for
extracting the common area can be either the process of FIG.
8 or FIG. 9, or can be another method. When the common
arca of the images of the left-side page and the 1mages of the
right-side page 1s extracted individually, mistakes 1n extract-
ing the common area, caused by differences in the configu-
ration of the left-side pages and the right-side pages, can be
climinated.

It 1s preferable that the justification part 12, when inde-
pendently justifying the 1mages of the right pages and the
images of the left pages, performs the justification such that
the position of the page content region in the post-justifica-
tion 1mage of the right-side pages 1s substantially equivalent
to the position of the page content region of the post-
justification 1mage of the left-side pages. The following 1s a
detailed description of the process steps of this justification
Process.

The justification part 12 first selects an 1mage serving as
the standard for justifying the left page images from among
all the left page 1mages of all the images in the pre-
justification buffer. Likewise, the justification part 12 selects
an 1mage serving as the standard for justifying the 1images of
the right-side pages from among all the right page 1mages of
all the 1mages 1n the pre-justification buffer. The process for
selecting the standard justification 1mage 1s the same as the
process for selecting the standard image for border elimi-
nation in the above-described second common area extrac-
tion process. Thus, the image having the largest number of
cdges among all the left page 1images 1s selected for the
standard 1mage for the left-side pages, and the 1image having
the largest number of edges among all the right page 1images
1s selected as the standard image for the right-side pages.

Next, the justification part 12 extracts the common area
from the selected standard image for the left-side pages, and
extracts the body content region from the selected standard
image for the right-side pages. The process for extracting the
body content region 1s the same as the process for extracting
the page content region from a standard image i the
above-described justification process. Then, the justification
part 12 justifies the position of the body content region in the
standard 1mage for the left-side pages and the position of the
body content region 1n the standard image for the right-side
pages. Next, the justification part 12, based on the result of
this justification, corrects the position of the body content
region within the standard images by coordinate transior-
mation, so as to align the position of the body content region
with respect to the coordinate system origin in the standard
image for the left-side pages and the position of the body
content region with respect to the coordinate system origin
in the standard image for the right-side pages. The reason for
aligning the position of the body content region in the
standard 1mage for the left-side pages with the standard
image for the right-side pages 1s because regardless of right
or left page, 1t can be expected that the configurations of the
body content regions on left and right-side pages are similar.

The justification part 12 then extracts the common area 1n
the standard image for the corrected left-side pages. Then,
using the position of the extracted common area with respect
to the coordinate system origin as the template for the
left-side page 1mages, the justification part 12 subjects the
images of the left-side pages to a coordinate transformation
such that the position of the common area becomes that
defined by the template, and creates post-justification
images. Similarly, the justification part 12 extracts the
common area 1n the standard image for the corrected right-
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side pages, and using the position of the common area
extracted with respect to the coordinate system origin as the
template for the 1mages of the right-side pages, the justifi-
cation part 12 subjects the 1images of the right-side pages to
a coordinate transformation such that the position of the
common arca 1s that defined by the template, and creates
post-justification 1mages. By aligning the 1mages of the
left-side pages and the 1mages of the right-side pages with
the standard image for the corrected left-side pages and the
standard 1mage for the corrected rlght side pages, post-
justification 1mages can absorb the differences 1n the con-
figuration of the left-side pages and the configuration of the
right-side pages.

It 1s preferable that the common area extraction part 15
collectively extracts the common area of the right and
left-side page 1mages when the differences 1n the configu-
ration of the left-side pages and the layout of the right-side
pages are absorbed by the post-justification images. Thus, 1t
1s possible to prevent a lateral displacement of the common
arca, which can occur when the common areas of the left and
right-side pages are extracted separately.

The authoring device of the present embodiment 1s an
example of the authoring device according to the mnvention,
but a variety of other embodiments are possible as long as
the principal configuration and operations are equivalent. In
particular, 1f the detailed configuration and operation of the
components of the authoring device can obtain the same
cfiects, then the authoring device 1s not limited to the
above-described configuration and operations, and can also
be embodied by other configurations and operations. For
example, instead of using the post-justification 1images of the
pages of a publication, the common area extraction part 15,
the background color calculation part 17, and the non
common-area replacement part 19 can use the pre-justifica-
fion 1mages of the pages of the publication stored in the
pre-justification 1mage buffer 11, or the pre-correction
images of the pages of the publication stored in the input
image buifer 7.

In the present embodiment, the 1mage correction part 8,
the justification part 12, the common area extraction part 15,
the background color calculation part 17, the non common-
arca replacement part 19, and the 1mage 1nput part S are each
automatically activated one after the other in that order.
However, 1t 1s also possible that an operator manually carries
out the processing of the common area extraction part 185,
the background color calculation part 17, and the non
common-area replacement part 19. As long as processing 1s
not impeded, 1t 1s also possible to omit the input image buifer
7, the pre-justification 1image buifer 11, the position infor-
mation buffer 13, the post-justification 1image buiter 14, the
common area information buffer 16, the background color
buffer 18, and the output image buffer 20 as suitable.
Furthermore, the border eliminating part 9 in the authoring
device 1 can be independently used by itself as a border
climinating device.

It 1s also possible to realize the border eliminating part 9
by 1nstalling software, for executing the above-described
operations related to border elimination with a computer, on
a computer capable of mputting and storing 1mages and by
operating the central calculation process circuit with this
software. The software 1s stored on a computer-readable
storage medium, and 1s installed by inserting that storage
medium 1nto a storage medium reading device 1n the com-
puter to read out the software. The storage medium can be
an optical storage medium like a CD-ROM, a magnetic
storage medium as typified by a floppy disk, or a magneto-

optical storage medium as typified by a MO, for example.
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The mvention may be embodied 1n other specific forms
without departing from the spirit or essential characteristics
thereof. The present embodiments are therefore to be con-
sidered 1n all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended
claims rather than by the foregoing description and all
changes which come within the meaning and the range of
equivalency of the claims are therefore intended to be
embraced therein.

EFFECT OF THE INVENTION

As seen from the above, the border eliminating device
according to the mvention includes common area extraction
means for extracting a common area from i1mages of a
plurality of pages of a publication, the common area being
portions similar in layout of the 1images; and border removal
means for removing borders outside the common area of the
images. Thus, the border eliminating device can eifi

iciently
remove unnecessary outer borders from a plurality of
images. Moreover, using the common area, the border
climinating device according to the invention performs a
border eliminating process on 1mages which have been
aligned with respect to one another. Consequently, the
border eliminating device can remove outer borders without
shifting, among the plurality of images, the location of the
portion subjected to border elimination within each 1image.

According to the invention, the common area extraction
means extracts the common area from the overlap of all of
the 1mages before and after justification. Thus, the border
celiminating device can more rapidly remove the outer border
in the 1mages. According to the invention, the common area
extraction means also extracts the common area of remain-
ing 1mages based on the position and shape of the common
arca 1n a standard 1mage that 1s selected from all of the
images. Thus, the border eliminating device can quickly
remove the outer border 1n the images. According to the
invention, the common area extraction means uses the 1mage
having the largest number of edges of all the 1mages being
processed as the standard for eliminating borders. Thus, the
common area extraction means can more reliably extract the
common arca of the standard image. According to the
invention, the common area extraction means separately
extracts the common area of the images of the right-side
pages of a publication and the 1mages of the left-side pages
of a publication, for all of the 1images to be processed. Thus,
the border elimination device can more accurately erase
borders when the configuration of the right-side pages and
the configuration of the left-side pages are different.

According to the invention, the border removal means
replaces the color of the portion outside the common area
with the background color of the common area. Thus, the
border eliminating device can erase the outer border natu-
rally, 1n accordance with the background color of the com-
mon area. According to the invention, the border eliminating
device turther includes background color calculation means
for detecting background colors based on a sample extracted
from the peripheral portion within the contour of the com-
mon area of the images. Thus, the border eliminating device
can more rapidly remove outer borders within the images.
According to the invention, the background color calcula-
fion means uses as the sample the pixel value of pixels in the
peripheral portion within the contour of the common area of
the 1mages. Thus, the border eliminating device can more
rapidly remove outer borders within the 1mages. According
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to the invention, the background color calculation means
uses as the sample the average value of the pixel value of all
of the pixels included 1n a region of a specific size provided
at the peripheral portion within the contour of the common
arca of the images. Thus, when the background of an 1mage
has a periodic pattern, the border eliminating device can
more naturally remove the outer border 1n the image.

In the method for eliminating borders according to the
mmvention as described above, a common area common to all
the 1mages being processed 1s used to remove the outer
border within the 1mages. Thus, when the border eliminating,
method 1s used, unnecessary outer borders are efficiently
removed from a plurality of 1mages.

Furthermore, according to the invention as described
above, the authoring device uses a border eliminating device
with the above-described configuration to remove all the
outer borders 1n the 1mages of the pages of a publication.
Thus, the authoring device can efficiently and quickly
remove outer borders in the images of all pages when
creating the 1mage-based contents of an electronic publica-
tion based on a publication using a paper medium.

The 1nvention claimed 1s:

1. A border eliminating device comprising:

common area exXtraction means for extracting from
images of a plurality of pages of a publication an arca
common to the images, the common area being por-
tions similar 1n layout of the 1images; and

border removal means for removing borders outside the
common area of the 1images,

wherein layouts with respect to at least either text or
drawings 1n the common area of the 1images are similar
to each other.

2. The border eliminating device of claim 1, further

comprising:

justification means for justifying images so that the com-
mon arca 1n the 1images 1s arranged at a predetermined
position within the 1mages,

wherein the common area extraction means and the
border removal means perform processes with respect
to all post-justification 1mages.

3. The border eliminating device of claim 1, further

comprising;

justification means for justifying images so that the com-
mon area 1n the 1mages 1s arranged at a predetermined
position within the images, wherein the common area
extraction means:

(a) for each page of a publication, determines from
justified 1mages a region 1 which there 1s overlap
between a post-justification 1image and a pre-justifica-
tion 1mage when they are superimposed on one another
such that a coordinate system origin i1s shifted for an
amount of displacement when they are aligned, and
coordinate axes of both images become parallel; and

(b) extracts as the common area an overlapping portion in
the region of the images, when all post-justification
images are overlapped with their coordinate systems
matching one another.

4. The border eliminating device of claim 1, wherein the

common area extraction means:

(a) selects from all the images an 1mage to be a standard
for eliminating borders;
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(b) extracts a common area from the selected image; and

(c) extracts from the remaining images a region that is at
the same position as the position of the common area of
the selected 1mage and that 1s congruent with the
common area of the selected 1mage, as a common area
of the remaining 1images.

5. The border eliminating device of claim 4, wherein the
common area extraction means selects from all the 1images
an 1mage having a largest number of edges as an 1mage
serving as a standard for border elimination.

6. The border eliminating device of claim 1, wherein the
common area extraction means independently performs the
extraction of a common area of 1mages of all right-side
pages of a publication and the extraction of a common area
of 1mages of all left-side pages of the publication.

7. The border eliminating device of claam 1, further
comprising:

background color calculation means for determining a
background color of the common area of the images,

wherein the border removal means replaces a color of a
portion outside the common area of the images with the
detected background color.

8. The border eliminating device of claim 7, wherein the

background color calculation means:

(a) extracts a plurality of samples from a peripheral
portion 1nside the common area of the 1mages; and

(b) sets a color of a most frequent value among the
plurality of extracted samples as the background color.

9. The border eliminating device of claim 8, wherein the
samples are pixel values of pixels in the peripheral portion
inside the common area of the images.

10. The border eliminating device of claim 8, wherein the
samples are average values of the pixel values of all pixels
included 1n regions of a predetermined size provided 1n the
peripheral portion 1nside the common area of the 1mages.

11. A border eliminating method, comprising:

a step of providing common area extraction means for
extracting from i1mages of plurality of pages of a
publication an areca common to the images, the com-
mon area being portions similar in layout of the 1mages;

a step of extracting from the 1images of a plurality of pages
of a publication an area common to the 1mages, the
common area being portions similar in layout of the
images, with the common area extraction means;

a step of providing border removal means for removing
borders outside the common area of the 1images; and

a step of removing borders outside the common area of
the 1mage from each image with the border removal
means;

wherein layouts with respect to at least either text or
drawings 1n the common area of the images are similar
to each other.

12. An authoring device, comprising:

image 1nput means for inputting 1images of pages of a
publication;

the border eliminating device of any one of claims 1 to 10;
and

image output means for outputting 1images of pages pro-
cessed by the border eliminating device.
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